During the Leg 67 drilling of the Middle America Trench (Guatemala transect), basalts were reached in Hole 495, 22 km seaward from the Trench axisj in Holes 500 and 500B at the foot of the continental slope, and at four other holes not sampled for this study. Only olivine-plagioclase phyric basalts are present in Hole 495, whereas in Holes 500 and 500B these rocks are associated with plagioclase phyric high-alumina basalts. As illustrated by the content of TiO 2 , A1 2 O 3 , and the K 2 O/K 2 O + Na 2 O ratio, some of the Middle America Trench basalts do not differ essentially from oceanic tholeiites, but others have a composition transitional to island-arc tholeiitic basalts. It is suggested that basalts transitional from oceanic to island-arc tholeiites are typical manifestations of magmatism in zones of convergence of the oceanic and continental or island-arc crust.
INTRODUCTION
In the Guatemala transect of the Middle America Trench, drilled during Leg 67, basalts were recovered in Holes 495, 500, and 500B ( Fig. 1) , and at four other holes hot sampled for this study.
Hole 495 (12°29.78'N, 91°02.26'W) was drilled on the oceanic side of the Trench 22 km from its axis and 1295 meters above the floor of the Trench, on the horstlike ridge. The depth of the ocean at the site of drilling was 4140 meters. Basalts were reached under upper Miocene nannofossil-foraminiferal chalk, in the interval from 428.5 to 446.5 meters below the seafloor.
Hole 500 (12°41.35'N, 90°56.49'W) was drilled in the Trench axis at the foot of the continental slope at a water depth of 6094 meters. Basalts, cored in the interval 156.5 to 165.5 meters below the seafloor, underlie upper Miocene nannofossil and foraminiferal sediments.
Hole 500B (12°40.95'N, 90°56.62'W) was drilled at a water depth of 6090 meters and is also located in the Trench axis, but seaward from Hole 500 (see Site 500 report for location map). Basalts were recovered in the interval 115 to 133.5 meters below the seafloor, under Quaternary diatomaceous mud.
According to seismic reflection profiles, basalts located in the Guatemala transect of the Middle America Trench belong to the oceanic crust of the Cocos Lithospheric Plate, subducting under the continental Caribbean Plate (von Huene et al., 1980) .
On the basis of petrographic and petrochemical peculiarities, basalts of the Middle America Trench (Guatemala transect) are subdivided into (1) olivine-plagioclase phyric normal basalts and (2) plagioclase phyric high-alumina basalts. the groundmass of basalts correlates directly with the degree of their crystallization.
Clinopyroxenes are present in the groundmass of basalts in the form of incipient crystals and their aggregates (augite, En33_ 15 Wθ42_32Fs2 5 _54) (Table 5) .
Ore minerals of olivine-plagioclase phyric basalts are represented by titanomagnetite and ilmenite (Table 6) , which are more abundant in better-crystallized rocks.
Plagioclase Phyric Basalts
Plagioclase phyric basalts underlie olivine-plagioclase phyric basalts in Hole 500. Absence of olivine phenocrysts distinguishes the uppermost rocks. (Table 1) .
The composition of rock-forming minerals in olivineplagioclase phyric basalts and in plagioclase phyric basalts is, in general, similar (Tables 2, 3 , and 5), with a somewhat higher content of CaO in plagioclases and clinopyroxenes as well as of A1 2 O 3 in spinel in plagioclase phyric basalts. The crystallization temperature of plagioclase phenocrysts in Sample 500-19-1, 9 cm is 1235 to 1245°C (analysis by I. P. Solovova), which is practically the same as the crystallization temperature of plagioclase phenocrysts in olivine-plagioclase phyric basalts. The lower ratio Cr/Cr + Al = O.40 in spinel from plagioclase phyric basalts possibly indicates crystallization at a lower temperature than crystallization of spinel in olivine-plagioclase phyric basalts.
PETROCHEMISTRY AND GEOCHEMISTRY OF BASALTS
The relative abundances of SiO 2 and K 2 O + Na 2 O indicate that basalts of the Middle America Trench (Guatemala transect) belong to derivatives of tholeiitic basaltic magma. Olivine-plagioclase phyric and plagioclase phyric basalts that are distinguished by petrographical features also have different chemical compositions ( Table 7) . The difference in content of A1 2 O 3 is the most obvious and constant. All the plagioclase phyric basalts are distinct from the olivine-plagioclase phyric basalts, as Normal and high-alumina basalts can be connected with oceanic as well as with island-arc magmatism, therefore to determine formational type and petrochemical peculiarities of Middle America Trench basalts, it is necessary to compare them with the same kind of basalts from oceanic and island-arc environments.
It should be remembered that according to the concepts of plate tectonics (Le Pichon et al., 1973) , basalts of the outer zones of deep-sea trenches belong to a for- Ilmenite mational type-oceanic spreading zone basalts. These basalts were formed in axial zones of mid-oceanic ridges and then mechanically transported to convergent margins of lithospheric plates, where oceanic crust began to be subducted under island arcs and continents. According to this concept, deep-sea trenches are considered amagmatic morphostructures, behind which, at a distance controlled by the inclination of Benioff zone, volcanoes of island arcs and marginal continental cordilleras occur.
Other scientists who have analyzed oceanic and continental magmatism from the standpoint of fixism (a concept based on the predominance of vertical over horizontal tectonic movements) also believe that deep-sea trenches mark a boundary between oceanic and continental (island-arc) crust, where there "must be discontinuity of all material and geophysical parameters" (Lutz, 1980) .
In the last few years, discoveries have been made of volcanic vents on marginal swells and oceanic slopes of deep-sea trenches (Avdeiko et al., 1980) and of basalts on the oceanic slope of the Yap Trench that are essentially younger than those of adjacent areas of the Pacific floor (Sharaskin et al., 1980) . These discoveries evidently indicate relatively recent volcanism in the outer zone of deep-sea trenches, about which little more than nothing is known.
The geodynamic regime in regions of magmatic activity should leave a mark on the composition of igneous rock associations. Deep-sea trenches represent morphostructural zones where regimes of spreading, typical of an oceanic environment, are perhaps replaced by predominantly pressure regimes of destructive plate boundaries. The transitional tectonic position of deep-sea trenches between areas with oceanic magmatism and regions with island-arc-type magmatism could imprint the composition of trench-zone basalts and bring about their intermediate nature between abyssal and island-arc tholeiites.
The petrochemistry and geochemistry of the Middle America Trench (Guatemala transect) basalts confirm this hypothesis. As mentioned earlier, the outer slope of the Middle America Trench and adjacent oceanic floor belong to the Cocos Plate. Inside this fragment of the Pacific lithosphere basaltic magmatism is recognized in the axial zone of the East Pacific Rise, in the Galapagos Spreading Center, and, possibly, in such transform faults as Siqueiros. Basic tholeiitic rocks that occur there are represented by normal, high alumina, and ferrobasalts (Table 8) . If Middle America Trench basalts had been formed together with other basalts of the Cocos Plate in spreading or fault zones of this part of the Pacific, their petrographic, petrochemical, and geochemical features should be the same . Middle America Trench basalts have been compared with island-arc-type basalts, such as Cenozoic basalts of the Central America and South America Cordillera, the formation of which is connected with processes in the zone of convergence of the Cocos, Nazca, Caribbean, and American lithospheric plates (Pichler and Weyl, 1973; Stoiber and Carr, 1974) . In Table 9 these basalts are also compared with those of Pacific island arcs representing different stages of evolution (Mariana, Tonga, New Hebrides, Aleutian, and Kamchatka-Kuril). To reveal and confirm typical features of deep-sea trench basalts, analyses of basalts from the Philippine and Yap trenches (outer slopes) were used along with analyses of Middle America Trench basalts (Table 10 ). Petrochemical studies show that specific features of basalts erupted in different oceanic tectonic settings are most clearly expressed in concentrations and relations of such elements as Fe, Mg, Al, Ti, and the alkalies. Accordingly, to contrast and compare basalts of the Middle America Trench with basalts of other morphostructures of the Pacific, ratios such as 100 × FeOVFeO' + MgO (FeO' is total Fe as FeO), Al 2 O 3 /Fe 2 O 3 + FeO + MgO, TiO 2 /Al 2 O 3 , K 2 O/K 2 O + Na 2 O, and K/Rb were used in this study. By these parameters, normal tholeiitic basalts of the Middle America Trench (Guatemala transect) resemble basalts of oceanic spreading zones, which, however, have essentially a higher K/Rb ratio and a lower Al 2 O 3 /Fe 2 O 3 + FeO + MgO ratio (Table 11). By the latter parameter, Middle America Trench basalts are correlated with basalts of the Central America Cordillera.
The correlation of Middle America Trench (Guatemala transect) high-alumina basalts with the same type basalts of other morphostructures of the Pacific (Table  12 ) reveals that by their petrochemical features these rocks more closely resemble high-alumina island-arc basalts. By the K 2 O/K 2 O + Na 2 O ratio, Middle America Trench high-alumina basalts closely resemble the highalumina basalts of the South America Cordillera and of such primitive island arcs as Tonga and Mariana.
The comparison of particular and especially average analyses of igneous rocks cannot provide a comprehensive notion of their genetic relations, because chemical peculiarities, which reflect the stage of the parental magma differentation, are not fully considered in such an approach. Therefore, to decide whether manifestations of magmatism of, say, this or that oceanic morphostructure resemble each other or not, it is more informative to compare the composition not of separate types of rocks that occur in these morphostructures but of series of these rocks, formed during the evolution of corresponding parental magmas.
The position of rocks in the sequence of differentiates of the tholeiitic basaltic magma can be determined quite reliably by the value of the FeOVFeO' + MgO ra- (Figs. 2-4) .
The concentration of TiO 2 is one of the most sensitive and reliable indicators of basaltic rock formational type (Chayes, 1964) ; indeed, on the TiO 2 -100 × FeOV FeO' + MgO diagram (Fig. 2) ,tholeiitic basalts of the Galapagos Islands, the Siqueiros Transform Fault, and island arcs form variation trends disconnected in space. From the same diagram it is quite obvious that East Table 11 . Some petrochemical and geochemical parameters of normal tholeiitic basalts of Pacific morphostructures. Tables 8, 9 , and 10. Tables 8, 9 , and 10.
Pacific Rise and Galapagos Spreading Center basalts that erupted under a similar geodynamic regime form practically the single evolutionary trend. Basaltic series of oceanic morphostructures differ from those of island-arc basaltic series because of their essentially higher TiO 2 concentrations and the primitive nature of their high-alumina basalts, which plot at the beginning of the evolutionary sequence (100 × FeO 7 FeO' + MgO < 47); in contrast, island-arc series highalumina basalts belong to late differentiates (100 × FeO 7 FeO' + MgO > 58).
The distribution of Middle America Trench basalts as well as basalts of other deep-sea trenches on the TiO 2 -100 ×FeO7FeO' + MgO diagram shows that significant amounts of these rocks are transitional between basalts of oceanic morphostructures and island-arc basalts. Half of the Middle America Trench (Guatemala transect) basalts, the average of high-alumina basalts of this transect, the average of normal and high-alumina basalts of the South Mexico transect of the Middle America Trench, and basalts of the Philippine and Yap trenches plot in the sector between the evolutionary trend of East Pacific Rise-Galapagos Spreading Center basalts and the evolutionary trend of Mariana island-arc basalts.
Different behavior of aluminium in the course of the evolution of oceanic and island-arc tholeiitic basaltic magmas is clearly visible on the Al 2 O 3 -100 × FeO7FeO' + MgO diagram (Fig. 3) . In basaltic series of the Galapagos Spreading Center-East Pacific Rise, Siqueiros Transform Fault, and Galapagos islands, the content of A1 2 O 3 decreases as the 100 × FeO7FeO' + MgO ratio increases. In island-arc basaltic series (Mariana islands), however, aluminium does just the opposite.
In basalts of the Guatemala transect of the Middle America Trench one can see both tendencies of A1 2 O 3 . In basalts of Hole 495 drilled on the oceanic slope of the Trench 22 km from the axis, A1 2 O 3 content decreases as the 100 × FeOVFeO' + MgO ratio increases; the evolution of basaltic melts has the typical oceanic pattern. In contrast, in basalts of the Trench axis (Holes 500, 500B), concentrations of A1 2 O 3 have a direct correlation with the value of the 100 × FeOVFeO' + MgO ratio; that is, parental basaltic magma of these rocks evolves as in an island-arc environment. In basalts of the oceanic slope of the Yap Trench, correlation of A1 2 O 3 and the 100 × FeOVFeO' + MgO ratio is the same as in basalts of the Mariana island arc, although less clearly expressed. Tholeiitic basalts of island arcs differ from oceanic basalts because of the greater role of potassium; this is quite obvious on the K 2 O-K 2 O + Na 2 O diagram (Fig.  4) . Also, on this diagram as well as on the TiO 2 -100 × FeOVFeO' + MgO and Al 2 O 3 -100 × FeOVFeO' + MgO diagrams one can see that among basalts of the Middle America Trench and other deep-sea trenches there are rocks with composition similar to that of typical oceanic tholeiitic basalts and rocks transitional to island-arc tholeiitic basalts. To this intermediate type of basalts, according to the K 2 O/K 2 O + Na 2 O ratio, belong basalts from Hole 500 and basalts of the Philippine Trench.
CONCLUSION
Analysis of petrochemical peculiarities of Middle America Trench (Guatemala transect) basalts reveals compositions typical of oceanic tholeiites and transitional to island-arc tholeiites. With respect to degree of differentiation, transitional-type basalts differ from comparable rocks of oceanic and island-arc series by intermediate values of TiO 2 concentration and the K 2 O/K 2 O + Na 2 O ratio. The common feature of transitional basalts and island-arc basalts is the advanced differentiation of high-alumina varieties in both types of rocks. Tholeiitic basalts of other deep-sea trenches, for example, Philippine and Yap trenches, have analogous chemical features. These petrochemical analyses, together with published data on the unexpectedly young age of some basalts from the seaward slopes of some deep-sea trenches, are perhaps evidences of local magmatism connected with the zone of convergence of oceanic and continental (island-arc) crust, where perhaps basalts transitional between oceanic and island-arc tholeiites were erupted.
